Smad function and intranuclear targeting share a Runx2 motif required for osteogenic lineage induction and BMP2 responsive transcription.
The coordinated activity of Runx2 and BMP/TGFbeta-activated Smads is critical for formation of the skeleton, but the precise structural basis for the Runx2/Smad interaction has not been resolved. By deletion mutagenesis, we have defined the Runx2 motif required for physical and functional interaction with either BMP or TGFbeta responsive Smads. Smad responsive transcriptional activity was retained upon deletion of the C-terminus to amino acid (aa) 432 but lost with deletion to aa 391. Thus the Smad interacting domain (SMID) of Runx2 (432-391) is embedded in the well-defined nuclear matrix targeting signal (NMTS) that mediates intranuclear trafficking. The SMID suffices as an interacting module when fused to the heterologous Gal-4 protein. Formation of the Runx2 and Smad complex is dependent on Runx2 phosphorylation through the MAPK signaling pathway, as determined by co-immunoprecipitation studies. We established that all SMID/NMTS deficient Runx2 mutants do not show in situ association with Smad in the nucleus nor do they support BMP2-mediated osteogenic induction of the mesenchymal C2C12 cell line. Thus, we provide direct evidence that the SMID/NMTS domain (391-432) of Runx2 is essential for BMP2-mediated osteoblast differentiation. Our findings suggest that TGFbeta/ BMP2 signaling, MAPK dependent phosphorylation, and Runx2 subnuclear targeting converge to induce the osteogenic phenotype.